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Among the subjects enrolled in the American Cancer Soci­
ety Cancer Prevention Study II, a large nation-wide prospec­
tive study, 282 died from multiple myeloma (MM) during the 
first 4 years of follow-up. These were divided into incident 
cases who were initially free from disease and prevalent cases 
who reported MM or related symptoms at the time of enroll­
ment. For each case, 4 controls matched for age, sex, ethnic 
group and residence were randomly selected. Previous his­
tory of diabetes [odds ratio (OR) = 2.0] and employment as 
farmer (OR = 2.7) were the risk factors consistently sug­
gested by the results of the analysis. The risk associated with 
farming showed a linear trend with duration of exposure. 
Pesticide or herbicide exposure was not a risk factor per se 
but, when combined with farming, it increased the OR to 4.3. 
Low education, occupational exposure to dyes, and employ­
ment in a bank, on the railroad or as a maid were also sug­
gested risk factors, but either they were not statistically sig­
nificant or they were based on small numbers of exposed 
subjects. No association between MM and asbestos exposure 
was observed. 
Multiple myeloma (MM) is a malignant neoplasm of plasma 
cells, usually generalized, mainly involving bone, bone mar­
row and kidney. It results from an unbalanced proliferation of 
a clone of B-l)\mphocyte-derived cells, that normally synthe­
size and secrete immunoglobins. 
An estimated 8,200 Americans will have died of MM in 
1988 (ACS, 1988); the survival experience is quite poor: me­
dian survival time ranges between 24 and 45 months, depend­
ing on tumor mass (McIntyre, 1985). 
MM is more frequent in the elderly, and among men and 
Blacks (Pottern and Blattner, 1985), and is among the few 
cancers whose mortality rates have steadily increased over re­
cent decades (Devesa et ai., 1987). Several epidemiological 
studies on the etiology of MM have recently been published. 
They investigated the role of environmental and occupational 
exposures-mainly radiation, paper and wood industry, farm­
ing, petroleum industry-as well as familial and genetic fac­
tors. Two reviews of these studies have also been published 
(Blattner, 1982; Pottern and Blattner, 1985). Results presented 
here are based on a case-control analysis nested in a nation­
wide, on-going, prospective mortality study. 
MATERIAL AND METHODS 
In 1982, more than 77 ,000 American Cancer Society (ACS) 
volunteers enrolled over 1.2 million men and women in 
a prospective mortality study, Cancer Prevention Study II 
(CPSII). Those enrolled, who were usually friends, neighbors, 
or relatives of the volunteers, compiled a 4-page confidential 
questionnaire on history of cancer and other diseases; occupa­
tional history and exposures; current and past use of medicines 
and vitamins; menstrual and reproductive history; current diet; 
history of drinking, smoking and numerous other habits. En­
rollment was by family groups with at least one person aged 45 
or more, and all members of the household over 30 years of age 
were asked to participate. 
Enrollment of subjects was carried out in all 50 of the United 
States, the District of Columbia and Puerto Rico. Every second 
year, volunteers are asked to check if the enrollees are alive or 
dead, and to record date and place of death. Death certificates 
were subsequently obtained through State health departments. 
The first 2 follow-ups took place in 1984 and 1986. . 
Three questions on occupation were asked: current job, last 
occupation if retired, and any other job held for the longest 
period of time. Occupations were coded using an ad-hoc sys­
tem with 65 different categories. A more specific classifica­
tion, such as a 3-digit Standard Industrial Classification code, 
was impractical for the large number of ambiguous responses 
derived from a self-administered questionnaire, 
Every subject was classified according to reported employ­
ment in any period of life ("ever employed"), as well as 
according to "usual" occupation. The latter was obtained ei­
ther from current job, if held for 10 or more years, or from the 
remaining information. 
Exposure in the workplace or in the daily life to any of 12 
groups of substances (asbestos, chemicals/acids/solvents, coal 
or stone dusts, coal tar/pitch/asphalt, diesel engine exhaust, 
dyes, formaldehyde, gasoline exhaust, pesticides/herbicides, 
textile fibers/dusts, wood dust, X-rays/radioactive materials) 
was investigated in'the following section of the questionnaire. 
The duration of every employment and exposure was also 
asked. 
Causes of death were derived from death certificates and 
coded by a trained nosologist according to the Intemational 
Classification of Diseases, 9th Revision. 
The present analysis is based on 508,637 men and 676,613 
women who provided usable questionnaires. Four-year mor­
talityexperience was available for 48 ~ut of 58 ACS divisions 
in which the study is organized (divisions correspond to States 
or to some large metropolitan areas), while 10 divisions had 
data for 2 years only. 
Subjects who had died, with MM reported on death certifi­
cate as either the underlying or contributing cause of death, 
formed the case series; 4 randomly selected subjects were 
matched to each case for sex, ACS division, year of birth and 
ethnic group, to form the control group. 
The incident nature of the cases was ascertained through a 
manual check of the questionnaires in which any information 
about prior or present cancer was reported; selected cases were 
therefore divided into "incident" and "prevalent" cases, and 
were analyzed separately. Data from prevalent cases, whose 
recall of past exposures may be biased by knowledge of disease 
status, and whose current habits and conditions may reflect the 
disease itself, were analyzed in order to confirm or disprove 
results from incident cases. 
A 3-step procedure of analysis was used: crude unmatched 
odds ratios (OR), Mantel-Haenszel matched OR (Mantel and 
Haenszel, 1959), and conditional logistic regression (Breslow 
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and Day, 1980). In order to control for potential confounding 
factors other than matching variables (education, history of 
diabetes, X-ray treatment, farming, pesticide and herbicide 
exposure), the regression was carried out using the PECAN 
program (Lubin, 1981). Test-based 95% confidence intervals 
(CI) were calculated according to Miettinen (1976). Linear 
trends were tested according to Mantel (1963). The Mann­
Whitney test was used to test differences between distributions. 
Adjusted population attributable risks were calculated using 
logistic regression coefficients (Bruzzi et at., 1985). 
RESULTS 
After 4 years of follow-up, 98.5% of subjects were traced, 
and death certificates were obtained for about 84% of deceased 
subjects when this analysis was started. At the 2-year follow­
up, 99.2% of subjects were traced and 96.8% of death certif­
icates were obtained. In order to assess the quality of death 
certificate coding, about 25% of cases' death certificates were 
manually checked, and no errors were detected. A further 
cheek of selected items from about 10% of cases' and controls' 
questionnaires showed a very low data entry error rate for most 
variables, with the exception of the information on previous 
cancer: this variable was IPanually checked for all subjects. 
MM was mentioned on the death certificates of 282 subjects. 
Nine of these did not have 4 controls satisfying all matching 
criteria: therefore 8 were matched within 2 years of age, and 1 
. within 5 years. The number of MM cases on which this anal­
ysis is based (282) is slightly higher than the number of ex­
pected deaths according to 1984 age, sex and ethnic group­
specific US death rates (261), but only 249 cases had MM as 
the underlying cause of death, the information on which na­
tional mortality statistics are based. Of the cases, 149 reported 
a previous or current history of MM, and 5 more subjects stated 
symptoms which can be related to MM, without mentioning 
the disease. These were all combined as "prevalent" cases. 
The remaining 128 cases, with no mention of MM or related 
symptoms, were considered to be "incident" cases. Unless 
otherwise specified, all results reported below refer to incident 
cases. 
The numbers of incident and prevalent cases and controls by 
sex, ethnic group, age and year of death are shown in Table I. 
TABLE I - SUBJECfS ENROLLED IN THE ANALYSIS BY SEX. ETHNIC 
GROUP. AGE. YEAR OF DEATH. AND INCIDENT NATURE OF THE DISEASE 
Incident Prevalent 



































































Total 128 512 154 616 
INot applicable. 
As may be expected, prevalent cases tended to die earlier than 
incident cases. 
Forty-nine variables were used to investigate factors other 
than occupation. Table II shows those associated with an in­
creased risk in this analysis or in previous studies. 
Low education was significantly associated with MM; sub­
jects without a high school degree had an OR = 1.5 compared 
with subjects with such a degree. Previous history of 8 non­
malignant conditions (diabetes, kidney disease, chronic bron­
chitis, stomach ulcer, tuberculosis, hay fever, asthma, and 
arthritis) was analyzed. Only diabetes showed a significant 
association with MM, a finding that was confirmed among 
prevalent cases (OR = 1.8,95% CI: 1.~3.2). Kidney disease 
was strongly associated with MM among prevalent cases 
(OR = 3.4, 95% CI: 1.3-8.8), but not among incident cases. 
No association was observed with current or former ciga­
rette, cigar, pipe, or. total tobacco smoking, nor with consump­
tion of milk, caffeinated or decaffeinated coffee, tea, diet or 
non-diet sodas, beer, wine, hard liquors or total alcohol. Sig­
nificantly more cases than controls reported a private well as 
the source of drinking water, while no difference in the con­
sumption of food rich in protein or animal fat, of fried foods, 
fruits and vegetables or artificial sweeteners was observed. 
No significant difference in the history of X-ray examina­
tions or X-ray treatment was observed among incident cases 
and controls, while both exposures were strongly associated 
with MM among prevalent cases: OR = 4.0 (95% CI: 2.6­
5.9) and OR = 5.9 (95% CI: 4.~8.8), respectively. 
No excess risk was found according to marital status, reli­
gion, or indicators of social activity (number of friends to 
whom the subject was feeling close, church or temple atten­
dance, participation in group or club activities). Moreover, no 
difference was found in subjects' or parents' pJace of birth: 
specifically, 5 cases and 20 controls either were born or had 
parents who were born in Nordic countries (OR = 1.0). No 
association was found for weight, change of weight in the year 
prior to enrollment, heig~t, history of operations, or family 
history of cancer: specifically, the number of reported MM 
cases among parents and siblings was 0 out of 605 relatives for 
incident cases, 2/2,435 for their controls, 2/765 for prevalent 
cases, and 012,919 for their controls. 
TABLE II - MULTIPLE MYELOMA RISK AND EXPOSURES ornER THAN 
OCCUPATION; INCIDENT CASES 
Exposure CaiCo' OR2 95% cI' 
Education4 45/137 1.5 1.0-2.3 
History of disease5 : hay fever 14/38 1.6 0.8-2.9 
asthma 5/21 1.0 0.3-2.7 
arthritis 391164 0.9 0.6--1.5 
diabetes 17/38 1.9 1.1-3.4 
kidney dis. 5/14 1.4 0.5-4.0 
Tobacco smoking6 69/289 0.9 0.6--1.3 
Alcohol drinking7 201133 0.5 0.3---{).9 
Drinking water supply· 31180 1.7 1.1-2.7 
Dietary habits9 : animal fat 59/242 1.0 0.6--1.4 
fried foods 43/176 1.0 0.6--1.5 
fruits-veg. 63/225 1.2 0.8-1.8 
X-ray treatment lO 14/40 1.4 0.8-2.6 
X-ray examinationsII 62/259 0.9 0.6--1.4 
'Exposed cases and controls.-2ManteI-HaenszeI matched odds ratio.-395% confi­
dence interval.-4Exposed: less than high-school grade. Not exposed: h:r,h-school 
grade or higher.-sExposed: positive histo~. Not exposed: no history.- Exposed: 
ever smoker. Not exposed: never smoker.- Exposed: ever regular drinker. Not ex­
posed: never regular drinker.-8Exposed: private well. Not exposed: public water 
supply or other.-9Exposed: consumption (days/week) of foods above the median of 
the consumption of combined cases and controls. Not exposed: consumption below 
the median. Animal fat meat. sausages. cheese. butter. eggs.-IOExposed: positive 
history of treatment. Not exposed: no history of treatmenl.-IlExposed: number of 
X-ray examinations above the median of the number of examinations of combined 
cases and controls. Not exposed: total number below the median. 
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TABLE IV - MULTIPLE MYELOMC'A?tSK AND OCCUPATION; INCIDENTAmong women, no significant difference was found accord­
ing to use of hair dyes, oral contraceptives, or exogenous es­
Occupation I CalCo2 OR'trogens, or according to menopausal status and difficulty in 95%CI' ­
conceiving. 
Table III shows the association between MM and 12 occu­
pational exposures. Self-reported exposure to pesticides or her­
bicides was just significantly associated with MM (p = 0.05), 
and a non-significant increase was also present for exposure to 
textile fibers and dusts, wood dust, X-rays and radioactive 
materials, and dyes. The absence of an association with asbes­
tos was confirmed for prevalent cases (OR = 1.3, 95% CI: 
0.6-2.9). The risk for exposure to pesticides or herbicides 
was higher among prevalent than among incident cases 
(OR = 3.4, 95% CI: 1.8-6.3, 19 exposed cases). 
Among 16 occupations with at least 2 exposed cases and 2 
exposed controls (Table IV), farming had an OR of 3.4 (95% 
CI: 1.5-7.5). Other occupations showed an increase in risk, 
based on a few cases and controls: maid, bank worker and 
railroad worker (p < 0.05), truck driver and janitor (p > 
0.05). Among prevalent cases and their controls, there were 
13/27 farmers (OR = 2.5, p < 0.05), 0/4 bank employees, 
lI8 truck drivers, 0/2 railroad workers, and 2/3 janitors 
(OR = 2.7, P > 0.05). One incident case and 3 controls were 
assemblers, as were 3 prevalent cases and 2 controls (OR for 
prevalent cases = 6.0, p < 0.05). When this analysis was 
repeated, classifying subjects in every occupation that was re­
ported in the occupational history ("ever employed"), only 
minor changes in the results were detected. 
The relationship between farming and MM was specifically 
addressed by several further analyses. If incident and prevalent 
cases are combined, the OR for farmers is 2.9 (95% CI: 1.7­
5.l); 18 incident cases and 38 controls were "ever employed" 
as farmers (OR =.2.7,95% CI: 1.3-5.7). 
Table V shows the association between farming and MM 
among incident cases, by duration of farming and birth cohort. 
It was not possible to determine the duration of exposure for 
8!l6 exposed cases, and 11128 controls; a trend in risk with 
increasing duration is nevertheless suggested. When farmers 
are analyzed by birth cohort, an increase in risk is present only 
among subjects born before 1920. Given the small number of 
subjects, it was impossible to separate the effects of age and 
duration of exposure: they may merely reflect a higher risk in 
older persons. The relationship between farming, exposure to 
pesticides or herbicides, and MM risk is shown in Table VI. 




Exposure CalCo' OR2 95% cI' 
Pesticides and 12125 2.1 1.0---4.2 
herbicides 
Asbestos 3/17 0.7 0.2-2.4 
Diesel exhaust 14/43 1.4 0.7-2.7 
Textile fibers 8/19 1.8 0.8-4.4 
and dusts 
Wood dust 9123 1.8 0.7-4.3 
X-rays, radioactive 7/15 1.9 0.8-4.8 
material 
Chemicals, acids, 8/58 0.5 0.2-1.1 
solvents 
Coal or stone dusts 6/24 1.0 
Coal tar, pitch, 4/10 1.7 0.5-5.6 
asphalt 
Dyes 5/8 2.7 0.9-8.6 
Formaldehyde 4/9 1.8 0.6--5.7 
Gasoline exhaust 14/64 0.9 0.5-1.6 
'Exposed cases and controls.-2Mantel-Haenszel matched odds ratio.-395% confi­
dence interval. 
Teacher 10/59 0.6 0.3-1.3 
Manager 6/51 0.5 0.2-1.l 
Office worker 14/45 1.3 0.7-2.7 
Bookkeeper 3/16 0.8 0.2-2.5 
Bank employee 5/4 5.0 1.5-16.3 
Real estate agent 3/8 1.5 0.4-5.4 
Registered nurse 2/10 0.8 0.2-3.6 
Sales worker 12/47 1.0 0.5-2.0 
Pharmacist 2/5 1.6 0.3-8.1 
Auto mechanic 3/13 0.9 0.2-3.5 
Truck driver 3/3 4.0 0.9-17.6 
Railroad worker 3/2 6.0 1.3-28.9 
Farmer 16128 3.4 1.5-7.5 
Janitor 4/6 2.7 0.8-9.0 
Maid 4/4 5.0 l.2-21.1 
Food worker 4/11 1.5 0.5-5.0 
IMain occupation during life (see text for details). Not exposed: for any occupa­
tion, all other subjects. Only occupations with at least 2 exposed cases and controls 
are listed separately.-2Exposed cases and controls.-'Mantel-Haenszel matched odds 
ratio.-"95% confidence interval. 
An association with pesticide and herbicide exposure is sug­
gested among farmers, but not among non-farmers. 
In Table VII, results from a conditional logistic regression 
analysis on selected risk factors are reported. After controlling 
for possible confounders, the ORs for level of education, 
drinking water supply, and occupational exposure to pesticides 
or herbicides, textile fibers, wood dust and X-rays were low­
ered; therefore these associations appear to be confounded by 
the factors controlled for, namely employment as farmers, 
while the ORs for previous history of diabetes, exposure to 
dyes, farming and other high-risk occupations were not sub­
stantially modified. 
DISCUSSION 
Follow-ups in CPSII are carried out very carefully: the pro­
portions of subjects who were traced and for whom death cer­
tificates were obtained are among the highest ever reported in 
large prospective studies. 
Questionnaires were filled out by slfujects themselves, data 
were entered by specialized personnel, and causes of death 
were coded from death certificates by a trained nosologist; 
several manual checks showed that the overall quality of data 
is high. 
Characterization of cases as incident or prevalent was an 
important step in this analysis, since subjects diseased at en­
rollment might recall exposure history in a different way from 
subjects free from disease. When results from incident and 
prevalent cases are compared, however, it seems that major 
findings of this analysis are consistently present in both groups, 
and that discrepancies in the results reflect actual differences 
between the 2 groups. Prevalent cases were more likely to 
report a history of kidney disease, which is a major clinical 
manifestation of MM. They were also more likely to have 
undergone multiple X-ray examinations and X-ray treatment, 
as is expected with MM patients. 
This analysis did not confirm the association between 
chronic immunologic disorders, such as rheumatoid arthritis 
and asthma, and MM, that was suggested by some case reports 
(lmahori and Moore, 1972) and epidemiological studies (Iso­
maki et at., 1978; Hakulinen et at., 1985), but not confirmed 
by another study (Linet et at., 1987). Only a generic defmition 
of "arthritis" was available from the questionnaire. No infor­
mation was available from this study in order to test the hy­
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CalCo' OR2 95% CI3 
DurationS	 Not exposed4 112/484 1.0 
1-20 years 0/6 
21-40 years 2/5 1.7 0.3-8.9 
41 + years 6/6 4.3 1.5-12.5 
Missing duration 8/11 3.1 1.3-7.7 
Year of birth <1910 Not exposed4 34/154 1.0 
Exposed 7/10 3.2 1.2-8.6 
1910-1919 Not exposed4 43/188 1.0 
Exposed 8/13 2.7 1.1-6.7I'. >1919 Not exposed4 35/142 1.0 
Exposed 115 0.8 0.1-7.2I~	 'Cases and controls.-2Mantel-Haenszel matched odds ratio.-395% confidence interval.-4Reference category .-sTest for linear trend: p-value <0.05. 
pothesis, derived from case reports, of a role of vaccinations 
(Woodroffe, 1972), or sarcoidosis (Petterson et at., 1987) in 
the etiology of MM. 
The association between MM and previous history of dia­
betes has not been previously reported; in fact, Gallagher et at. 
(1983) reported a negative association. The present result may 
be due to chance only. the increase is consistent among both 
incident and prevalent cases, and the prevalence of history of 
diabetes is not lower among controls than in the entire CPSII 
cohort. However, results from other studies are needed before 
one can speculate about a possible biological interpretation of 
this result, which may be related to a general alteration of the 
immune system. 
No association was found between MM and origin from 
Nordic countries, as suggested by an ecological study (Blattner 
et at., 1981), but not confirmed by an analytical study (Nan­
dakumar et at., 1986), nor was the suggestion of familial clus­
tering of MM, derived from case reports (Kyle and Greipp, 
1983) and one case-control study (Bourguet et at., 1985), con­
firmed by the present analysis. 
Subjects who had not attained high-school education were at 
higher risk ofMM in comparison with subjects having received 
higher education, but the difference was not statistically sig­
nificant. No association with education was found in 2 studies 
(Johnston et at., 1985; Nandakumar et at., 1986), while an 
increase of MM risk among subjects from lower social or eco­
nomic class has been reported (Pearce et at., 1985; Nandaku­
mar et at., 1986). It is likely that education level is a proxy 
variable for environmental or occupational factors other than 
those analyzed. 
The lack of an association between MM and life-style factors 
such as smoking, drinking and diet confirms the findings from 
previous studies (Gallagher et at., 1983; Linet et at., 1987; 
Flodin et at., 1987). 
Farming was suggested as a risk factor for MM from eco­
logical (Agu et at., 1980; Blattner et at., 1981) and analytical 
TABLE VI - MULTIPLE MYELOMA RISK, FARMING, AND PESTICIDE AND 
HERBICIDE EXPOSURE; INCIDENT CASES 












95% CP 0.3-3.1 
Farmers Cases/controls 8/20 8/8 
OR' 1.7 4.3 
95% CP 0.8-4.0 1.7-10.9 
'Unmatched odds ratio.-2Reference category.-395% confidence interval. 
epidemiological studies (Milham, 1971; Gallagher et at., 1983; 
Burmeister et at., 1983; Cantor and Blair, 1984; Pearce et at., 
1985; Delzell and Grufferman, 1985; Steineck and Wiklund, 
1986; Nandakumar et at., 1986; Flodin et at., 1987; McLaugh­
lin et at., 1988; Cuzick and De Stavola, 1988). Three other 
studies, however, did not confirm this finding (Tollerud et at., 
1985; Linet et at., 1987; Brownson and Reif, 1988). This 
association is strongly confirmed by the present analysis for 
subjects born before 1920; it is present for both incident and 
prevalent cases, and there is a trend toward increasing risk with 
duration of exposure. 
Two different hypotheses have been proposed in order to 
identify a specific etiologic agent: exposure to chemicals, such 
as pesticides, insecticides and herbicides (Burmeister et at., 
1983; Cantor and Blair, 1984; Morris et at., 1986; Flodin et 
at., 1987), and exposure to some viruses (Prie&ter and Mason, 
1974). Both explanations have some biological plausibility, 
given the known carcinogenic effect of organic chemicals, 
such as benzene, on hematopoietic cells, the experimental car­
cinogenicity of several pesticides and herbicides, including 
DDT, and the suggestion of a carcinogenic effect of phenoxy 
herbicides on soft tissues (IARC, 1988). 
The evidence of viral myeloma-related diseases in animals 
(Sharma et at., 1973), and of horizontal transmission of their 
TABLE VII - MULTIPLE MYELOMA RISK AND SELECTED RISK FACTORS. 
RESULTS OF LOGISTIC REGRESSION ANALYSIS'; INCIDENT CASES 
Risk factor' Odds ratio 95% CI3 
Education 
Previous history of diabetes 
Tobacco smoking 
Alcohol drinking 
Drinking water supply 
Fruits and vegetables in diet 
X-ray treatment 






























IORs controlled for age, sex, ethnic group, ACS division, education, history of 
diabetes, X-ray treatment, pesticide and herbicide exposure and farming.-2For def­
initions of exposed and not exposed categories, see Tables n, m and 1V.-395% 
confidence interval. 
558 BOFFETTA ET AL. 
causal agents (Piper et ai., 1975), the correlation between MM 
mortality and the poultry industry found at the ecological level 
(Priester and Mason, 1974), and the suggested role of viruses 
in human leukemias and lymphomas (Evans, 1982) make plau­
sible the hypothesis of a viral etiology of MM. No information 
on animal breeding within the farm industry was available in 
this study, and therefore the viral hypothesis cannot be further 
investigated. 
Possible interpretations of results concerning exposure to 
pesticides and herbicides (Table VI), in which the separate 
effect of each group of chemicals could not be distinguished, 
are that pesticides or herbicides have an effect among farmers 
only, possibly in relation with higher doses (the median dura­
tion of exposure to pesticides or herbicides was 29 years among 
farmers and 20 years among non-farmers, the difference being 
not statistically significant), or that other specific chemicals or 
risk factors related to farming are involved. 
However, self-reported exposures to specific chemicals may 
suffer more easily from recall bias than information derived 
from occupational history. Exposure to pesticides or herbicides 
was associated with a higher risk among prevalent cases than 
among incident cases: this fact suggests caution in the inter­
pretation of findings based on self-reported occupational ex­
posures. 
The association between MM and employment as a janitor 
has been previously reported (Friedman, 1986), as has the 
association with engine exhausts, possibly related to truck driv­
ing (Flodin et ai., 1987). Given the small number of exposed 
cases and controls in these occupations, any interpretation of 
the present results may be cautious. 
Persons employed as cosmetologists (Guidotti et ai., 1982; 
Spinelli et ai., 1984; Pearce et ai., 1985), in the petroleum 
industry (Thomas et ai., 1980; Decoufle et ai., 1983) and in 
the pulp and wopd industry (Milham, 1976; Tollerud et ai., 
1985; Nandakumar et ai., 1986; Flodin et ai., 1987) were not 
at higher risk in the present analysis, since no cases and 4 
controls were classified as beautician, cosmetologist or barber, 
no cases and no controls as oil field or refinery worker, and one 
case and 8 controls as carpenter, lumber or wood worker. The 
prevalence of subjects with these occupations in the entire 
CPSII cohort is very low. 
In this analysis, asbestos exposure does not appear to be a 
risk factor for MM. This result does not seem to be related to 
control selection, since the proportion of exposed controls 
closely parallels the overall proportion of exposed subjects in 
both sexes in CPSII. Asbestos was a risk factor for MM in 
some (~eiben, 1966; Gerber, 1970; Linet et ai., 1987) butnot 
all (SelIkoff et ai., 1973; Gallagher et ai., 1983; Morris et ai 
1986) studies that investigated this association. Positive studi~ 
reported a 3-fold increase in risk associated with exposure to 
asbestos. This analysis had a power of about 52% to detect an 
OR = 2 among incident cases, and a power of about 90% to 
detect an OR = 3. 
Occupational exposure to dyes was suggested as a risk factor 
for MM: the association was present among men only (5 cases 
and 6 controls exposed), and confirms a previously published 
result (Morris et ai., 1986). It is impossible from the present 
analysis, however, to identify a specific causal agent. 
Ionizing radiation is perhaps the best-documented etiologic 
factor for MM: the strongest evidence comes from studies on 
mortality of atomic-bomb survivors (Ichimaru et ai., 1982) and 
of radiologists and other occupationally exposed categories 
(Lewis, 1963; Cuzick, 1981). X-ray therapy was found to be a 
risk factor for MM in one study (Friedman, 1986), as were 
"heavy" X-ray examinations (Flodin et ai., 1987). One other 
study (Cuzick and De Stavola, 1988) was substantially nega­
tive. Our study did not provide evidence of an effect of X-ray 
exposure in the clinical setting, and the negative result on 
occupational exposure to X-rays or radioactive materials 
(OR = 1.4, P > 0.05) must be viewed in the light of the 
limited power to detect an association (about 56% to detect an 
OR = 2). 
Our study suffered from some limitations: diagnoses of cases 
were based on death certificates only, the self-administered 
questionnaire gave only limited information on chronic dis­
eases, diet and occupation, namely farming; the small size 
gave only a limited power to analyze in detail many associa­
tions. However, employment as a farmer and previous history 
of diabetes are the factors that consistently appear to playa role 
in the etiology of MM in the CPSII cohort. Since few subjects 
reported these exposures, the population attributable risks to 
them are low (about 4% to each factor), and the overwhelming 
.majority of MM cases are likely to have been caused by other 
factors. 
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